The goal of this paper is to examine the sensitivity of US bank lending to movements in the exchange rate. Using a panel of quarterly bank-level balance sheet observations, I show that there exists significant and meaningful exchange rate sensitivity of cross-border lending activity and total domestic loans. This relationship operates through traditional net export channels, as well as mechanisms specific to banks engaged in international lending. Further, I show that exchange rate innovations represent a source of long run lending volatility equivalent to monetary policy shocks for small banks. Lastly, exchange rate movements are shown to be associated with a four-fold increase in growth of non-performing loans for small banks, providing direct evidence of transfer risk for cross-border banks.
Introduction
The expansion of global and cross-border activity in the US banking industry has undoubtedly altered many aspects of the "special role" that banks play in the economy. One issue of particular interest is an increased sensitivity of domestic bank lending to currency valuation. The conjecture of this paper is twofold: first, banks that engage in cross-border lending will have a greater sensitivity of total lending to exchange rates, meaning that currency effects "spill-over" from foreign lending to domestic lending; second, that all banks, be they crossborder or purely domestic, are sensitive to currency valuation.
Bank lending sensitivity to international capital flows and exchange rate shocks is far from a new concept, with obvious examples drawn from the current situation in Europe and dating back to the Asian financial crisis of 1997 1 . In fact, the idea that financial intermediation in small open economies is at least as sensitive to currency 1 See, for example Radelet, et al. [1] and Corsetti [2] . valuation as to domestic interest rates is a foundation of international finance literature. The question that remains unaddressed is whether or not this sensitivity occurs in the banking industry of large, relatively closed economies such as the US. The implications of the existence of a significant lending sensitivity to exchange rates in US banks are twofold: first, this would represent a source of volatility outside the control of a Federal Reserve unwilling or unable to engage in foreign exchange interventions, counteracting or exacerbating intended policy effects. Second, an additional source of differentiation in behavior and response to policy across banks may be embodied in the degree of cross-border activity and exchange rate sensitivity.
This paper addresses this question by analyzing the impact of exchange rate movements on bank behavior over a panel of all US banks across 68 quarters of Call Report data. Evidence is found for significant sensitivity not only of cross-border lending, but of total domestic lending, as well. Indeed, total lending for small banks is found to be more responsive to exchange rate shocks than to interest rate shocks.
The remainder of this paper is organized as follows: Section 2 outlines the likely sources of US lending sensitivity to currency fluctuations. Section 3 presents this examination in the context of related literature. Section 4 introduces the bank level and macro data used in the analysis. Section 5 presents the econometric specification and empirical evidence on the impact of currency valuation on US bank lending. Section 6 concludes.
Channels of Lending Sensitivity to Currency Fluctuations
There are three primary channels by which a change in the value of domestic currency may impact a bank's lending activity. First, and most obviously, firms that borrow from banks may have import/export business activity that depends on exchange rate movements-as their cash flow changes, their demand for loans will follow. This channel will potentially exist for all banks, and will manifest itself in a higher sensitivity of commercial and industrial loans to exchange rate movements.
Second, banks that engage in cross border lending such that the loans are denominated in foreign currency will face risk associated with currency mismatch. An appreciation of domestic currency will translate to a reduction in the dollar value of these assets. While this effect in emerging markets and small, open economies is well known (see [3] , for example), its existence in US banking has not yet been empirically established. Reference [4] finds that the major factor in driving down cross-border lending of European banks in the 2007-2008 crisis was the downturn in global trade, rather than country-specific or currency-specific shocks. This suggests that currency mis-match was not a major factor for European banks during the crisis.
Lastly, cross-border lending denominated in dollars will still face currency sensitivity due to transfer risk. Reference [5] defines transfer risk to US banks as the risk associated with loan default by foreign borrowers due to an inability to obtain sufficient dollars to repay loans denominated in dollars. This risk will be present in foreign lending, even when denominated in dollars, which is the case for the majority of US cross-border lending.
The current composition of the US banking industry indicates that the combined effects of these channels are likely to be large. As shown in [4] , the share of total US banking assets held by globally active banks is well over 60%. These banks are predominantly very large, and thus relatively insensitive to balance sheet and policy shocks (see [6] and [7] , among others) due to the ability to access external sources of funds. In addition, [8] show that globally active banks have the ability to tap into internal capital markets-shifting assets across borders-further insulating their domestic lending to shocks. However, their lending may still be sensitive to exchange rate movements. Figure 1 shows the currency composition of foreign lending and deposit taking activities of US banks. Clearly, the vast majority of cross-border loans which originate in the US, and deposits originating abroad, are denominated in dollars, and thus not subject to currency mismatch risk on the part of the lending institution. The foreign borrower, however, will be subject to transfer risk, and therefore dollarized loans are not immune from currency valuation shocks. Figure 2 shows the overall trend of total foreign currency denominated assets, with a sharp run-up prior to the financial crisis and recession of 2008. While a small fraction of total lending, the nearly six-fold increase between 2003 and 2007 represents a major shift in the level of US bank currency risk exposure. Figure 3 shows the general trend of the valuation of the US dollar, with a peak prior to the 2001 recession and general decline since. The over 30% decline in the value of the dollar between 2001 and 2009 undoubtedly influenced US productivity growth, investment, and trade (see [9] ), but the influence on bank activity is a question unaddressed by the literature thus far. 
Related Literature
A large number of recent empirical and theoretical studies focused on small open economies have shown definitively that increased globalization in trade and capital flows results in a significant reduction in the role of traditional interest rate channels of the monetary transmission mechanism, while increasing the role of exchange rates and net exports (see, for example [10] ).
Reference [11] develops a dynamic macroeconomic model to consider the theoretical effects of increased globalization of financial, output, and factor markets on the ability of policy makers to control domestic inflation. While the sensitivities of interest rates, output, and inflation to policy are reduced through increased global linkages, the basic mechanisms of control are not fundamentally altered.
Reference [12] examines the role of exchange rates in determining optimal monetary policy in Germany by estimating a structural VAR model. They show that the impact of policy on inflation is accelerated by the exchange rate channel. While not directly examining lending activity vis-à-vis exchange rates, this study suggests an interaction between the banking sector and currency valuation at the macro level.
The traditional view of the role played by the exchange rate in bank lending is that it operates through net exports reacting to policy induced changes in exchange rates. Increasingly, however, the way in which economies interact with one another across currencies is through capital flows and linkages of financial instruments, rather than the flow of goods and services. As pointed out in [13] , these linkages have a variety of effects on bank lending in large economies, as well as small, open economies. The effects include a weakening of the link between domestic short-and long-term interest rates, as long-term rates are increasingly set in international markets. There is also an increase in domestic sensitivity to global shocks, and corresponding weakening of policy makers' targeting regimes. Like [11] [13] finds that monetary policy makers under floating exchange rate regimes retain the ability to control short term interest rates and thus affect domestic output and inflation.
For banks in a small open economy, the problem of currency mismatch involves matching dollar denominated assets with a corresponding amount of dollar denominated liabilities. The cost of achieving this goal will depend on the exchange rate regime of the home country. Reference [14] shows that floating exchange rate regimes in developing and transition economies facilitate dollarization of deposits to a greater extent than loans, and actually correlate with a larger degree of mismatch compared to fixed regime economies. The logic is that the increased volatility associated with a flexible regime increases the cost of proper hedging, and thus encourages a greater mismatch. This result is useful for the question of currency risk of cross-border loans originating in the US in that it suggests that borrowers of dollars in flexible regime countries will face greater uncertainty and hedging cost, and thus greater difficulty in matching the value of domestic currency income to dollarized values of their liabilities. This all translates into a greater degree of transfer risk borne by US banks making cross-border dollarized loans.
Data Description
The analysis uses a panel of quarterly "Call Report" data of balance sheet outcomes for all US banks and bank holding companies which spans from 1990Q1 to 2007Q1 2 . The data series begins in 1990 due to the lack of available consistent time series for key variables prior to that date. The truncation at 2007 is to avoid the influence of the financial crisis and recession which began quarter 1 of 2007. While regrettable, the removal of observations during the financial crisis is deemed necessary to due to the unprecedented alteration in bank behavior that will confound the ability to distinguish the influence of specific factors. In all, the panel consists of 181,637 bank-quarters of data.
The key balance sheet variables for this analysis will be measures of foreign currency exposure and participation in cross-border lending. The following indicators are gathered for each bank at each quarter: A "cross-border" bank will be defined as any bank with Cross-Border Loans > 0. Table 1 shows the distribution of cross-border bank activity in 2006Q1 by assets size class, where bank size is determined by percentile rank of total nominal assets. Several key characteristics of cross-border banks become apparent. First, as expected, banks in the larger size categories are much more likely to engage in cross-border lending, with fewer than 1% of banks in the bottom 75th percentile falling into that category, but 35% of the largest banks. However, smaller banks that do engage in cross-border lending, do so at larger relative magnitudes, with the average small cross-border bank having 11% of total loans exposed to direct foreign currency risk, with only 2.8% for the largest banks.
Another striking outcome of Table 1 is the percent of total assets controlled by cross-border banks. For small to mid-size banks, the asset holdings of cross-border banks are roughly on the same order of magnitude as their percentage of the population, but for banks in the top 5% of the assets distribution, cross-border banks hold a much larger than proportional percentage of total assets. Figure 4 indicates the huge and persistent discrepancy that exists between large and small banks in terms of the prevalence of cross-border lending activity. While the larger banks are much more likely to engage in cross-border lending, they are also more equipped to absorb exchange rate shocks. Figure 5 shows that among those banks in the largest size category, cross-border loans make up a non-trivial portion of total lending, and thus the potential for currency mismatch risk is present.
For empirical analysis, macro-level time series variables used will come from one of three categories: exchange rates, a monetary policy indicator, and domestic cyclical control variables. Domestic cyclical indicators will be unemployment rate, consumer price index, and housing price index. Following convention ( [15] , etc.), the primary policy indicator will be the first difference in the Federal Funds rate.
Domestic currency valuation will be measured with the first difference in the broad and major currency indices, as well as values of the UK Pound, Canadian dollar, Euro, and Chinese Renminbi as individual currencies relative to the US dollar. Each valuation is a measure of the foreign exchange value of the US dollar against the foreign currencies, thus, an increase in the value of the index represents an appreciation of the US dollar. As a first glance at the potential for exchange rate sensitivity of cross-border lending across bank size categories, Table 2 reports simple pair-wise correlation coefficients in first differences. While difficult to interpret in terms of magnitude, the pattern that emerges shows that as the dollar appreciates (the index increases), the value of cross-border loans on bank balance sheets declines. This result is broadly consistent with the currency mismatch and transfer risk hypotheses.
Empirical Strategy and Results
The sensitivity of bank lending to exchange rates is tested using three distinct regression strategies. First, a series of dynamic first-difference and fixed effects panel models will directly estimate the short-and long-term sensitivities of total net lending to policy and exchange rate shocks. Second, first difference models are used to isolate the transfer and currency risk of cross-border loans. Lastly, non-accruing loans are shown to be more sensitive to exchange rate movements for cross-border banks, results which are consistent with the argument for transfer and currency mismatch risk.
Regression Model 1: Total Net Loan Sensitivity to Exchange Rates-All Banks
In order to establish the direct link between exchange rates and lending, an equation is estimated with the level of total net loans as the dependent variable, and an exchange rate index as the key explanatory variable. Additional control variables are included in order to account for overall economic conditions as well as bank-level balance sheet effects. To proxy for overall economic conditions, and thus loan demand, contemporaneous and lagged values of the civilian unemployment rate, broad consumer price index, and the housing price index are included. Following [16] and [17] , bank equity-to-asset ratio and total deposits are used to control for bank level access to liquidity and balance sheet shocks. The Federal Funds rate is used to account for policy shocks, as well as a measure of overall liquidity supply to banks. Finally, three quarterly dummies are included to account for cyclical shocks and seasonal lending patterns. Contemporaneous values of balance sheet indicators are omitted to avoid an endogenous outcome with lending. All variables are either first differences or in fixed effects quasi-differences, to account for potential non-stationarity, as well as unobserved heterogeneity correlated with the explanatory factors. Random effects estimates, and thus those from pooled OLS without differencing, are shown to contain significant bias through the Hausman coefficient test performed on all asset size categories. Additionally, to avoid bias due to mergers, entry and exit, only banks that appear in at least 60 quarters within the sample are included. An instrumental variables approach is used to control for endgoeneity of the lagged dependent variable in a panel first-difference regression (see [18] ). The second lag of the differenced dependent variable is used as the instrument for the first lag. This will provide consistent estimates under the condition that the error is not serially correlated. This is shown to be the case for each size category using the Arellano-Bond [19] test for autocorrelation in panel first-differenced errors. This is sufficient to show exogeneity of the instruments in the case of a dynamic panel regression. In addition, bootstrap heteroskedasticity robust standard errors are used. where CBLNS is the total amount of cross-border loans on the balance sheet of bank i, at time t − j. Four lags of each variable are included to allow adequate time for adjustment (as in [7] and [8] ). This lag structure is also in accordance with a minimization of AIC and SIC in the majority of the size-specific regressions. Table 3 shows that, controlling for changes in the Federal Funds rate, there are significant exchange rate effects on total net loans across all bank size categories other than the top 5%. Further, the interaction terms indicate that banks with larger values of foreign loans have a greater exchange rate sensitivity of net loans. This is evidence of the second two hypothesized channels: transfer and currency mismatch risk.
The greatest exchange rate sensitivity occurs in the small bank sector. All four quarterly lag coefficients are negative and significant. This is consistent with transfer and currency risk balance sheet effects developing over time through cross-border lending. An increase in exchange rate index is associated with a weakening of the p-values in parentheses. * = significant at 10%, ** = significant at 5%, *** = significant at 1%.
bank balance sheet as foreign borrowers find it more costly to convert domestic currency into dollars, and a corresponding reduction in lending. This is also consistent with domestic loan demand falling due to net exporting firms seeing a decrease in demand for their products as their relative price increases along with the value of the dollar. The magnitudes of the coefficients indicate a non-trivial response. Given that the dependent variable is the differenced log of net loans, the magnitudes of each coefficient must be interpreted as a partial elasticity with respect to the first difference in the exchange rate index. Over the first four quarters following a one standard deviation increase in the broad exchange rate index, small banks will experience a cumulative decrease in the growth of total lending of over three-tenths of a percent. Following the largest increase in the differenced index experienced in the sample period, the four quarter response in small bank lending would be a nearly one percent decrease in growth. A valid point of comparison is the long-run impact over the same four period horizon of a one standard deviation increase in the differenced Federal Funds rate. The impact on small banks is estimated to be a negative 1 tenth of a percent effect on lending growth. This indicates that, taking into account the likely size of shocks, small banks are roughly three times more responsive to exchange rate shocks as to interest rate shocks.
The negative and significant long run propensity of the interaction between exchange rate and cross-border lending further confirms the role of transfer risk and currency mismatch. Small banks with positive and increasing levels of cross border lending experience a greater, more negative, lending impact of a dollar depreciation. A representative small bank with a first difference of cross-border loans one standard deviation above the sample mean will experience a four quarter cumulative reduction in loan growth of approximately one-half percent following a one standard deviation rise in the differenced dollar index.
Comparing the small bank results to the other size categories, we see that all other significant exchange rate coefficients are negative, and of roughly equal magnitudes. Table 3 reports one standard deviation exchange rate index effects for the 75th -90th, and 90 -95th percentiles, where the impacts were found to be significant. Again, we see an inverse relationship between exchange rate index and lending. This can be explained in two ways. Larger banks will tend to have larger firms as borrowers, and these firms are much more likely to have access to foreign markets and thus their loan demand will depend positively on exports. As shown in [20] and [21] , among others, small banks specialize in relationship lending, primarily with small firms in geographic proximity. Second, as seen in Table 1 , larger bank sizes have a larger proportion of banks involved in crossborder lending, thus the balance sheet effects of currency and transfer risk will be more widely felt. Again, this interpretation is validated in the interaction terms. We see that three of the four significant interaction terms are negative, indicating foreign lending exacerbates exchange rate sensitivity of domestic lending.
The largest banks, in the top 1% asset class, do not exhibit any sensitivity of domestic lending to exchange rates. While this is the asset class shown to be most heavily engaged in cross-border lending, these banks also have the greatest ability to absorb shocks without affecting lending.
Also consistent with monetary policy literature using panel data disaggregated by asset size ( [7] etc.), we see only the small banks exhibit significant negative long run responses to the Federal Funds rate. Table 4 shows the relationship between total net lending and a more narrowly defined exchange rate index which measures the value of the US dollar relative to a basket of only the widely circulating major currencies (currencies from Euro area, Japan, Canada, Switzerland, United Kingdom, Australia, and Sweden). The specification is otherwise identical to that of Table 3 .
Again, the results for the smallest asset size category show a very strong sensitivity of net lending to exchange rate movements, with the direction of the response consistent with the hypothesized channels. As previously, assuming a one standard deviation shock to the exchange rate index, we find an estimated reduction in loan growth for small banks equal to 0.37%. While small banks account for roughly only 6% of total net loans in the last period of this sample, this response corresponds to a reduction in lending supply of over $1.6B, mostly to households and small businesses that most rely on banks as a source of funds. For robustness, Table 5 and Table 6 show the results for a regression models specified as above, except utilizing a fixed effects transformation rather than first difference. The goal of the transformation is the same, in that both will remove the inconsistency caused by unobserved heterogeneity correlated with observed covariates. Again, results are consistent with either the Broad exchange rate index (Table 5 ) and the Major Currency index ( Table 6 ) having significant long run impacts on total net lending.
Interestingly, we see in the Fixed Effects model for the broad index in Table 5 that there is a significant role for cross-border lending in enhancing exchange rate sensitivity for all bank size categories. The sum of four quarterly lag coefficients in the interaction between the index and cross border lending is significant at the 1% level even for the largest bank categories.
Regression Model 2: Cross-Border Loan Sensitivity to Exchange Rates-All Banks
In order to isolate the channels through which exchange rates are hypothesized to influence lending, an equation is estimated in which the dependent variable is Cross-Border Loans, rather than total net lending. Again, a dynamic panel IV framework is utilized, with the second lag of the dependent variable acting as the instrument for the first lag. The same controls are used as found in Equation (1) above, with the addition of lagged total net loans, and the removal of the interactions between exchange rate and foreign loans.
According to the hypothesized transfer risk and currency mismatch channels, there should be an unambiguously negative partial effect of exchange rates (dollar valuation) on foreign loans, now that the potential confounding effects of domestic loan demand is removed. Table 7 shows the key model results below. As anticipated, we see evidence of the combined effects of currency mismatch and transfer risk, with every significant coefficient being negative. The strongest reactions are in the smaller bank categories, with strongly negative long-term impacts, based on the summation of the four lagged coefficients. The magnitude of the long run multiplier for log difference in the exchange rate is the cumulative effect of a 1% change in growth rate of the exchange rate on the growth in levels of Cross-Border lending. For the small bank category, the multiplier of −0.0855 translates to a reduction in growth of Cross-Border lending of 1.4% for each 1% change in the exchange rate index. Table 8 shows that, among smaller bank categories, sensitivity of foreign lending increases as the magnitude of quarterly changes in the exchange rate index grows. This regression includes four quarterly lags of the interaction between an indicator of quarterly difference in exchange rate index greater than one sample standard deviation and the index itself. Table 9 shows the response of cross-border loans to dollar exchange rates of specific currencies. For UK and Canada, we see significant negative long-run multipliers, consistent with the conjecture of transfer risk and currency mismatch balance sheet effects. The effect is significant only for smaller banks for the Euro, and is not significant at all for responses to changes in the value of the Chinese Renminbi relative to the dollar. The lack of significant sensitivity to the Dollar/Renminbi rate may be due to the fixed exchange rate regime employed by Chinese monetary authorities, which reduces the cost of hedging among local borrowers, and greatly mitigates transfer risk (see [13] ).
Regression Model 3: Exchange Rate Sensitivity of Non-Performing Loans
If the significant response of total net lending to exchange rates found in Table 3 and Table 4 can be attributed to a "weakening" of the balance sheet, then it should be the case that there exists a meaningful positive relationship between currency value and non-performing loans on the balance sheet. This suggests estimating the dynamic panel first-difference model with a delinquent loans measure as the dependent variable. Table 10 shows these results with loans at least 90 days delinquent as the measure of interest, and the broad exchange rate index as the currency value measure. Consistent with prior results, it is the smallest bank size that displays the greatest sensitivity. The key results above are these: 1) a dollar appreciation, holding interest rates constant, is associated with a significant long run increase in non-performing loans on balance sheets of small banks, and 2) as seen from the significant interaction terms, small banks that hold cross-border loans are more susceptible to this effect. This is exactly the scenario predicted by the transfer risk and credit mismatch hypothesis regarding the role of exchange rates in bank lending.
The magnitudes of exchange rate response of non-performing loans for small banks can be seen in the change in the difference in response to a one standard deviation increase in the broad index. The average change in non-performing loans in the sample for small banks is positive 0.7%, the change following a one standard deviation increase in the broad index is estimated to be over 2.7%, a four-fold increase in delinquent loan growth.
It is also worth noting from Table 10 that monetary tightening, as represented by an increase in the Federal Funds rate, is associated with a long run weakening of the balance sheet for all but the largest 5% of banks. p-values in parentheses. * = significant at 10%, ** = significant at 5%, *** = significant at 1%.
Conclusions
Evidence drawn from this investigation indicates that balance sheets and lending activity of US banks are sensitive to movements in the value of domestic currency. While this sensitivity is taken as given in small, open economies, it had not been fully investigated using bank level micro data for large industrialized economies. The sources of this sensitivity lie in the markets for both domestic and foreign loans, and for all sizes of banks, but are most acute in the smaller banks.
The results indicate that exchange rate movements have a broad effect on bank activity, influencing total domestic loans, cross-border lending, as well as the strength of balance sheets. Perhaps surprisingly, it is shown that the magnitude of small banks' long run reaction to exchange rate shocks is roughly equivalent to interest rate shocks.
